ICOS and CD28 are expressed by T cells and are involved in costimulation of cytokine production in T helper (TH) cells. ICOS binds B7h expressed by several cell types, whereas CD28 binds B7.1 and B7.2 expressed by activated antigen presenting cells. This work investigated the role of B7h and B7.1 in TH17 and TH9 cell differentiation by assessing activity of recombinant B7h-Fc and B7.1-Fc on human naïve TH cells activated in the presence of different combinations of exogenous cytokines. In the presence of TGF-β1 and IL-1β (TH17 promoting condition), B7h-Fc was more effective than B7.1-Fc in inducing IL-17A and IL-10 secretion, whereas B7.1-Fc was more effective in inducing IL-17F. Dual costimulation with B7h-Fc and B7.1-Fc displayed an intermediate pattern with predominance of IL-17F over IL-17A, secretion of high levels of IL-10, and secretion of IL-9 levels lower than those induced by B7.1-Fc alone. In the presence of TGF-β1 and IL-4 (TH9 promoting condition), B7h-Fc induced IL-17A only, whereas B7.1-Fc induced also IL-17F, IL-10, and high levels of IL-9. Experiments on memory TH cells showed that B7h-Fc mainly supported secretion of IL-17A and IL-10, whereas B7.1-Fc supported secretion of IL-17A, IL-17F, IL-10, and IL-9. These data indicate that B7h and B7.1 play different roles in modulation of TH17 and TH9 differentiation. This plasticity might be important in the immune response to pathogens and tumors, and in the development of autoimmune diseases, and should be taken in consideration in designing of immunotherapeutic protocols triggering ICOS or CD28.
Introduction
Activation and differentiation of naïve T helper (TH) cells requires three signals from antigenpresenting cells (APC). The first is delivered through the T cell receptor (TCR) upon recognition of the antigenic peptide presented by the appropriate MHC molecule, the second by T cell costimulatory molecules engaged by their ligands expressed on APC, and the third by cytokines in the microenvironment [1] and [2] .
The best known TH cell costimulatory molecule is CD28, which is constitutively expressed by all TH cells, binds B7.1 (CD80) and B7.2 (CD86) on APC, and promotes cell proliferation and cytokine secretion [3] , [4] and [5] . Another TH costimulator is ICOS (CD278), which belongs to the CD28 family and is selectively expressed by activated T cells [6] , [7] and [8] . It binds B7h (CD275, B7H2, B7-RP1, ICOSL, GL50) expressed by both haematopoietic and non-haematopoietic cells. B7h is constitutively expressed by B cells, macrophages, and dendritic cells, but it is also expressed by vascular endothelial cells, epithelial cells, and fibroblasts; ICOS-mediated triggering of B7h modulates adhesiveness of vascular endothelial cells to inflammatory and tumor cells [9] and [10] . This expression pattern suggests that the ICOS:B7h interaction has a role in both T cell activation in lymphoid organs and the control of T cell function at sites of inflammation [11] . In TH cells, ICOS function appears to modulate cytokine secretion by acting on recently activated/memory cells, whereas it is less effective in naïve TH cells, whose activation seems to depend primarily on CD28 costimulation [12] , [13] , [14] , [15] , [16] and [17] .
To date, four types of effector TH cells are generally recognized, namely TH1, TH2, TH17, and Treg cells, characterized by secretion of different patterns of cytokines [18] . Under certain circumstances, these patterns may switch from that of one lineage toward another suggesting that TH cells are plastic depending on the inflammatory conditions [19] . Their differentiation from naïve TH cells depends on the cytokine environment during activation, but a role may also be played by the costimulatory receptors delivering the "second signal". For instance, CD28 costimulation induces secretion of high amounts of IL-2 supporting most types of T cells, whereas ICOS costimulation is incapable to induce IL-2 but potently induces IL-10 secretion. Moreover, substantial differences have been reported in humans and mice since ICOS triggering induces secretion of high amounts of IL-4 in mice but IFN-γ in humans, which are associated with TH2 and TH1 cells respectively [20] , [21] , [22] , [23] , [24] and [25] . These differences might be partly due to the capacity of the human but not the mouse B7h to weakly interact with CD28 and CTLA4, using binding sites different from that used by ICOS [26] .
Recent data showed that ICOS and CD28 may also play a different role in differentiation of TH17 cells, which are involved in the immune response against certain parasites and in some autoimmune diseases [27] , [28] , [29] and [30] . In humans, they are characterized by the production of IL-17A, IL-17F, IL-21, IL-22, and IL-26 and their differentiation is dependent on the transcription factor retinoic acid-related orphan nuclear receptor C2 (RORC2) [31] . TH17 differentiation is controlled by several cytokines and is inhibited under TH1 and TH2 polarizing conditions, i.e. presence of IFN-γ and IL-4, respectively. In mice, TH17 differentiation requires TGF-β1 and IL-6, is amplified in an autocrine fashion by IL-21, and is further promoted by . In humans, TH17 differentiation involves the same cytokines, but their relative contributions are debated [31] , [33] , [34] , [35] , [36] and [37] .
Early reports suggested that both ICOS and CD28 were involved in TH17 differentiation in mice [28] and [38] . More recently, studies using ICOS-deficient mice indicated that ICOS was dispensable for TH17 differentiation, but it was necessary for TH17 cells to attain full effector functions [39] . In humans, ICOS was found to be more effective than CD28 in inducing IL-17A and IL-17F secretion in peripheral blood (PB) "memory" TH17 (CCR4 + CCR6 + ), Treg TH cells generated under TH17-promoting conditions comprises not only IL-17 secreting cells, but also cells secreting IL-9, exerting its activity on several cell types including T cells, mast cells, eosinophils, and epithelial cells. IL-9 secretion has been initially ascribed to TH2 cells, but recent reports described a distinct subset of TH9 cells characterized by secretion of IL-9 and IL-10, lacking secretion of IFN-γ, IL-4, and IL-17, and involved in development of allergic airway disease and in the response to parasitic infections [19] . However, IL-9 production is not unique to such cells since it may also be expressed by Tregs and TH17 cells [18] . TH9 cell differentiation is supported by CD28 costimulation and requires presence of TGF-β1 and IL-4, whereas no data are available on the role of ICOS.
This work compared the activity of fusion proteins of the extracellular portion of human B7h or B7.1 fused to the human IgG1 Fc (i.e. B7h-Fc and B7.1-Fc) and dissected the role of the cytokine microenvironment in induction of TH17 and TH9 cytokine secretion in short term cultures of PB naïve TH cells from adult donors. The aim was to provide information helping to understand the variable effects that these reagents have when used as systemic or local immune modulators in vivo. Results showed that B7h-Fc was more effective than CD28 in induction of IL-17A and IL-10, whereas B7.1-Fc was more effective in induction of IL-17F and IL-9. The minimal cytokine microenvironment to obtain these responses was presence of TGF-1β plus either IL-1β or IL-4, but IL-6 and IL-21 further supported production of these cytokines.
Materials and methods

Cells
Peripheral blood mononuclear cells (PBMC) were obtained by density gradient centrifugation from buffy coats provided by the local Blood Transfusion Service (Novara, Italy 
TH cell differentiation assay
Round-bottom 96-well plates were coated with 100 μl of anti-CD3 mAb (OKT3) overnight at 4 °C. To stimulate ICOS or CD28, plates were washed with PBS and further coated with B7h-Fc (5 μg/ml; R&D System) or B7.1-Fc (5 μg/mL; R&D System) for 2 h at room temperature.
Plates were then washed with PBS and purified naïve CD4 + T cells were seeded at 10 5 cells/well in triplicate in 200 μl of in RPMI 1640 (Gibco) plus 10% FCS, or EX-VIVO 20 Serum Free (Lonza).
Where indicated, cultures were performed in the presence of the following recombinant cytokines: IL-1β and IL-4 (10 ng/ml; PeproTech), IL-6 (20 ng/ml; PeproTech), IL-21 (100 ng/ml; Immunotools), IL-23 (20 ng/ml; R&D Systems), and TGF-β1 (5 ng/ml; R&D Systems). In some experiments, neutralizing antibodies against TGF-β1 (10 μg/ml; R&D Systems), IL-1β (4 μg/ml; R&D Systems), IL-4 (4 μg/ml; R&D Systems), and IFN-γ (8 μg/ml; R&D Systems) were added to the cultures. To analyze cytokine secretion, supernatants were collected at day 5 of culture and standard enzymelinked immunosorbent assays (ELISA) were used to evaluate secretion of IL-17A (R&D Systems), IL-17F, IL-17A/F, IL-9 (eBioscience), and IL-10 (Biolegend).
Real-time PCR
Total RNA was extracted and transcribed to cDNA with Cells-to-cDNA II Kit (Ambion) from cells collected at day 5 of culture after re-stimulation with PMA (50 ng/mL, Sigma-Aldrich) plus Ionomycin (1 μg/mL, Sigma-Aldrich) for the last 5 h. Transcripts were quantified by real-time PCR on an ABI PRISM 7000 sequence detector (Applied Biosystems) with Applied Biosystems predesigned TaqMan Gene Expression Assays in duplicate for each sample. Relative quantification was performed using the comparative ΔΔCT method.
The following probes were used (Applied Biosystems assay identification numbers in parentheses): IL-17A (Hs00174383_m1), IL-17F (Hs00369400_m1), RORc (Hs01076112_m1), IL-26 (Hs00218189_m1), PU.1 (Hs02786711_m1). For each sample, mRNA abundance was normalized to the amount of ribosomal protein HPRT (Hs99999909_m1).
Intracellular staining
Cytokine-producing cells were stained after stimulation with PMA (20 ng/mL, Sigma-Aldrich) plus Ionomycin (2 μg/mL, Sigma-Aldrich) for 6 h in the presence of Brefeldin A (10 μg/ml, SigmaAldrich). After fixation with 2% paraformaldehyde (Sigma-Aldrich), cells were permeabilized with PBS/1% Saponin (Sigma-Aldrich) and stained using anti-IL-17A mAb (IgG1) conjugated with APC (eBioscience), anti-IL-17F mAb (IgG1) conjugated with PE (eBioscience), anti-IL-10 mAb (IgG1) conjugated with PE (Miltenyi Biotec), anti-IFNγ mAb (IgG2b) conjugated with FITC (eBioscience), and ROR-γt mAb (IgG2b) conjugated with APC (eBioscience), and the isotype-matched Ig controls (eBioscience).
Statistical analysis
The non-parametric paired Wilcoxon test was used to compare differences in all experiments. Values of P < 0.05 were considered statistically significant.
Results
Differential effect of costimulation mediated by B7h-Fc and B7.1-Fc on expression of TH17-related cytokines
To investigate the cytokine milieu necessary to support IL-17A secretion in naïve TH cells, we analyzed IL-17A secretion induced by B7-Fc in the presence of different combinations of recombinant cytokines. Experiments were performed in the absence of neutralizing antibodies to IL-4 and IFN-γ, often used to increase IL-17 secretion, to allow these cytokines to endogenously influence the cell response. Purified PB naïve TH cells were incubated in serum free medium in wells pre-coated with anti-CD3 mAb in the presence and absence of B7h-Fc and different combinations of exogenous TGF-β1, IL-1β, IL-6, IL-21, and IL-23. Fig. 1 shows the data obtained in the presence of B7h-Fc. It shows that IL-17A secretion was always undetectable in the absence of TGF-β1. In the presence of TGF-β1, IL-1β or IL-21 were able to induce IL-17A, with a higher induction observed in the presence of both the exogenous cytokines. In contrast, IL-6 and IL-23 did not induce IL-17A secretion even in the presence of TGF-β1 and did not increase secretion induced by TGF-β1 + IL-21, but they increased secretion induced by TGF-β1 + IL-1β ( Fig. 1 ). B7h-Fc was crucial for this response since IL-17A secretion was never detected when cells were activated using the anti-CD3mAb alone (data not shown).
Then, we compared the effect of B7h-Fc and B7.1-Fc on IL-17A secretion in PB naïve TH cells and we extended the analysis to IL-17F, the IL-17A/F heterodimer, and IL-10, which can be secreted by TH17 cells. Naïve CD4 + T cells were activated with anti-CD3 mAb plus either B7h-Fc or B7.1-Fc and were cultured in the presence or absence of TGF-β1 + IL-1β together with either IL-6, or IL-21, or IL-23, or the three cytokines combined. ELISA analysis of the culture supernatants showed that B7h-Fc was more efficient than B7.1-Fc in inducing IL-17A ( Fig. 2A ) and IL-10 ( Fig. 2C ) secretion in the presence of TGF-β1 + IL-1β with or without the other cytokines. In B7h-Fc costimulated cells, IL-10 secretion was substantially increased by addition of either IL-6 or IL-21 to the culture medium. Conversely, IL-17F secretion was induced to higher levels by B7.1-Fc than by B7h-Fc provided that TGF-β1 and IL-1β were supplemented with at least one of the other cytokines ( Fig.  2B ). By contrast, secretion of the IL-17A/IL-17F heterodimer was undetectable in all culture conditions (data not shown). To determine if these effects were manifested at transcriptional level, we evaluated expression of the IL-17A and IL-17F mRNA by real time PCR in cells activated for 5 days using the conditions above followed by reactivation with PMA + Ionomycin for 5 h. This analysis was also extended to the IL-26 mRNA which is also expressed by human TH17 cells. IL-17A mRNA analysis ( Fig. 3A) was largely in agreement with the protein data since B7h-Fc significantly induced higher levels of IL-17A mRNA than B7.1-Fc in the presence of TGF-β1 + IL-1β with either IL-6, or IL-21, or IL-23. IL-17F mRNA analysis (Fig. 3B ) paralleled the protein data since B7.1-Fc significantly induced higher levels than B7h-Fc under all culture conditions where TGF-β1 + IL-1β were present. IL-26 mRNA was induced to relatively low levels, but induction was higher with B7.1-Fc than with B7h-Fc. Moreover, the IL-26 mRNA was induced at the highest levels when all recombinant cytokines were present in both B7h-and B7.1-costimulated cells (Fig. 3C ). 
Differential effect of B7h-Fc and B7.1-Fc on expression of TH9-related cytokines
Differentiation of TH9 cells requires presence of TGF-β1 + IL-4, but IL-9 secretion can also be induced, at lower levels, in the presence of TGF-β1 + IL-1β [19] . Therefore, we compared ability of B7h-Fc and B7.1-Fc to induce secretion of IL-9, IL-10, IL-17A, and IL-17F in the presence of either TGF-β1 + IL-1β or TGF-β1 + IL-4. Moreover, we assessed the effect of the dual costimulation with B7h-Fc + B7.1-Fc in the same conditions to assess the reciprocal interference of the two costimuli. PB naïve CD4 + T cells were activated with anti-CD3 mAb plus B7h-Fc and/or B7.1-Fc and cultured with either TGF-β1 + IL-1β (TH17 promoting conditions) or TGF-β1 + IL-4 (TH9 promoting conditions) in the presence and absence of IL-6 + IL-21 supporting both TH17 and TH9 cells [35] , [41] and [42] . Secretion of IL-17A, IL-17F, IL-10, and IL-9 was then assessed by ELISA in the culture supernatants (Fig. 4) . In the presence of TGF-β1 + IL-1β, B7h-Fc induced levels of IL-9 secretion that were similar to those induced by B7.1-Fc. Secretion of IL-17A, IL-17F, and IL-10 induced by B7h-Fc or B7.1-Fc were in line with those shown in the previous experiments. The dual use of B7h-Fc + B7.1-Fc increased secretion of IL-10 and, at a lesser extent, IL17A, but decreased secretion of IL-9 compared with the effect exerted by either B7h-Fc or B7.1-Fc. Addition of IL-21 + IL-6 did not change the pattern of IL-9 secretion, and the effect exerted on secretion of IL-17A, IL-17F, and IL-10 was in line with that shown in the previous experiments. In these conditions, the dual use B7h-Fc + B7.1-Fc induced high secretion of IL-10 and IL-17F, and low secretion of IL-17A similar to those induced by B7.1-Fc, and decreased secretion of IL-9 compared with the effect exerted by either B7h-Fc or B7.1-Fc.
In the presence of TGF-β1 + IL-4, B7h-Fc induced secretion of lower levels of IL-9 and IL-10 than B7.1-Fc, whereas IL-17A secretion was similarly induced by each costimulus; dual use of B7h-Fc + B7.1-Fc decreased secretion of IL-9, but increased secretion of IL-10 compared to the effect exerted by B7.1-Fc alone; IL-17F was almost undetectable with any stimulus. When also IL-21 + IL-6 were added to the cultures, B7h-Fc still induced secretion of minimal levels of IL-9, IL-10, and IL-17F, but it induced similar levels of IL-17A as B7.1-Fc; by contrast, B7.1-Fc induced substantial levels of all cytokines; dual use of B7h-Fc + B7.1-Fc increased secretion of IL-10 and, at a lesser extent, IL-17A but it decreased secretion of IL-9 and had no effect on secretion of IL-17F compared to the effect exerted by B7.1-Fc alone.
To further investigate the influence of the cytokine milieu, we assessed the effect of neutralizing antibodies to IL-4, IFNγ, IL-1β, and TGF-β1 on secretion of IL-17A, IL-17F, IL-9, and IL-10 by cells activated with the different costimuli in the presence of exogenous TGF-β1 + IL-1β + IL-6 + IL-21. Fig. 5 shows that neutralization of either TGF-β1 or IL-1β abrogated secretion of IL-17A, IL-17F, and IL-9 and decreased secretion of IL-10 in all costimulation settings. Neutralization of IL-4 + IFNγ substantially increased secretion of IL-17A and inhibited secretion of IL-10 in all costimulation settings but especially in those costimulated with B7h-Fc alone; moreover, it slightly increased secretion of IL-17F in the cells costimulated with both costimuli, whereas it had no effect on secretion of IL-9 in any costimulation setting. 
Induction of the RORC2 and PU.1 transcription factors
The transcription factors RORC2/ROR-γt and PU.1 are involved in differentiation of TH17 and TH9 cells respectively. To further address the effect of B7h-Fc in TH17 and TH9 differentiation, we analyzed its capacity to support expression of Rorc2 and PU.1mRNA in naïve TH cells activated in TH17 and TH9 conditions as described above.
In the presence of TGF-β1 + IL-1β, B7h-Fc induced similar levels of the Rorc2 mRNA as B7.1-Fc, and copresence of both costimuli substantially increased these levels. In the further presence of IL-6 + IL-21, B7h-Fc induced similar levels of the Rorc2 mRNA as B7.1-Fc, but copresence of both costimuli decreased these levels ( Fig. 6A) , which was in line with the decreased IL-17A secretion detected in this condition (Fig. 4C) . By contrast, the PU.1 mRNA was always barely detectable (data not shown). In the presence of TGF-β1 + IL-4, both the Rorc2 and the PU.1 mRNAs were detectable only in the further presence of IL-6 + IL-21.
In these conditions, Rorc2 was induced at higher levels by B7.1-Fc than by B7h-Fc and these levels were substantially increased by costimulation of both receptors ( Fig. 6A) , which was in line with the increased IL-17A secretion detected in this condition (Fig. 4C) ; PU.1 was detectable only using B7.1-Fc (Fig. 6B) , which was in line with high IL-9 secretion detected in this condition (Fig.  4A) .
Effect of B7h-Fc and B7.1-Fc in memory T cells
To evaluate the effects of B7h-Fc and B7. (Fig. 7) . In CD4 + CD45RO + T cells, B7.1-Fc induced higher levels of IL-9 and IL-10 than B7h-Fc and these levels were further increased by use of both costimuli. All costimuli induced similar high levels of IL-17-A and minimal levels of IL-17F and IL-17A/F (Fig. 7) .
Single cell analysis of IL-17A, IL-17F, and IL-10 production
To assess whether IL-17A was produced by the same cells producing IL-10 or IL-17F, we performed a two-color intracellular staining and cytofluorimetric analysis in both naïve TH cells and "memory" CD4 + CCR6 + TH cells. B7h-Fc and B7.1-Fc costimulated cells were cultured for 5 days in the presence of a cytokine-cocktail containing TGF-β1, IL-1β, IL-6, IL-21, and IL-23. Cells were then re-activated with PMA and Ionomycin in the presence of Brefeldin A and stained for intracellular IL-17A and either IL-17F or IL-10.
Analysis of naïve TH cells showed that B7h-Fc induced higher proportion of IL-17A + cells and lower proportions of IL-17F + cells than B7.1-Fc (Fig. 8A ). B7h-Fc and B7.1-Fc induced comparable proportions of IL10 + single positive cells (Fig. 8B) Moreover, these cells were also stained for intracellular expression of either IFN-γ or ROR-γt, which showed that both B7h-Fc and B7.1-Fc induced high expression of ROR-γt ( Fig. 8E ) and no production of IFN-γ (Fig. 8D) (Fig. 8H) . 
Discussion
This work shows that costimulation with B7h-Fc or B7.1-Fc have different effects on secretion of TH17 and TH9 cytokines in naïve TH cells. The overall data indicate that B7h-Fc is more selective than B7.1-Fc since it exerts a preferential effect on IL-17A and IL-10, whereas B7.1-Fc is highly effective on IL-17F and IL-9 too.
In naïve TH cells, the minimal cytokine milieu to induce secretion of both TH17 and TH9 cytokines included TGFβ1 + IL-1β, whose effect was potentiated by a cocktail composed of IL-6 and IL-21. In these conditions, B7h-Fc induced secretion of IL-17A and IL-10 more efficiently than B7.1-Fc, which in turn induced higher secretion of IL-17F and expression of the IL-26 mRNA; by contrast, secretion of IL-9 was similarly induced by the two costimuli. Secretion of IL-17A and IL-10 were differentially sensitive to TH1-and TH2-polarizing cytokines since neutralization of IFN-γ and IL-4 strikingly increased secretion of IL-17A and decreased secretion of IL-10, especially in the cells costimulated with B7h-Fc. When IL-1β was substituted with IL-4, the most striking response was the secretion of high levels of IL-9 induced by B7.1-Fc but not by B7h-Fc, which in turn displayed a selective effect in induction of IL-17A. By contrast, B7.1-Fc induced also secretion of IL-10, IL-17A, and low levels of IL-17F.
Memory TH cells, too, responded differently to B7h-Fc and B7.1-Fc, and B7h-Fc was more selective than B7.1-Fc in inducing cytokine secretion. In CD4 + CCR6 + cells cultured in TH17
promoting conditions, B7h-Fc induced similar levels of IL-17A as B7.1-Fc, but it induced higher levels of IL-10 and lower levels of IL-17F and IL-9 than B7.1-Fc. In CD4 + CD45RO + cells cultured in TH9 promoting conditions, B7h-Fc induced high levels of IL-17A only, whereas B7.1-Fc induced high levels of IL-9 and IL-10 too.
Dual costimulation with B7h-Fc + B7.1-Fc influenced these patterns in a complex manner and displayed different effects in different cytokine milieus. In most culture conditions, it increased secretion of IL-10 and decreased secretion of IL-9, whereas the effect on secretion of IL-17A was variable in the different conditions.
Secretion of IL-17F was more dependent on the cytokine milieu than that of IL-17A since it required that the minimal milieu, containing either TGFβ1 + IL-1β or TGFβ1 + IL-4, was enriched with at least IL-6 and/or IL-21. Moreover, presence of exogenous IL-4 substantially decreased secretion of IL-17F in all culture conditions, whereas it had no substantial effect on secretion of IL-17A.
In naïve TH cells, neither B7h-Fc nor B7.1-Fc induced secretion of IL-17A/F heterodimers even when substantial amounts of both IL-17A and IL-17F were induced. In contrast, especially when costimulated with B7.1-Fc, substantial amounts of the heterodimer were produced by "memory" CCR6 + TH17 cells. These data suggest that IL-17A and IL-17F were produced by distinct cell subsets in the naïve TH cell cultures, whereas memory TH cells comprised substantial amounts of cells producing both cytokines. In line with this possibility, IL-17A + /IL-17F + double positive cells were almost absent in the naïve TH cell cultures, whereas they were present in the "memory" CD4 + CCR6 + T cell cultures. Moreover, the single cell analyses showed that also IL-17A and IL-10 were produced by distinct subsets of cells, since IL-17A + /IL-10 double-positive cells were always almost absent.
IL-17A and IL-17F are homodimers sharing about 50% sequence identity and several biological activities including the induction of proinflammatory cytokines and antimicrobial peptides, neutrophil recruitment, mucosal immunity against extracellular pathogens, and an involvement in several autoimmune diseases [29] and [30] . However, certain features distinguish these two cytokines. Specifically, the ability to upregulate transcription factors and proinflammatory molecules appears lower for IL-17F than for IL-17A. Furthermore, IL-17A but not IL-17F appears to play a role in development of collagen-induced arthritis, contact hypersensitivity, and delayed-type hypersensitivity [47] . In the mouse model of OVA-alum induced asthma, IL-17A promotes the TH2 response, whereas IL-17F has a regulatory role in restricting allergic asthma development. In contrast, in dextran sulfate sodium-induced colitis, IL-17A played a protective role, whereas IL-17F appeared to exacerbate the intestinal inflammation. In multiple sclerosis lesions, IL-17A but not IL-17F was detected [48] . Paulos et al. [40] reported that ICOS triggering is a potent inducer of IL-17A secretion in umbilical cord blood naïve TH cells in the presence of a TH17-polarizing milieu containing IL-1β, IL-6, IL-23, neutralizing antibodies to IFN-γ and IL-4. By contrast, triggering of CD28 and dual costimulation of CD28 + ICOS were poorly effective in inducing IL17A secretion. Moreover, IL-10 secretion was induced at comparable levels by each costimulus. The inconsistencies with our results may partly depend on the different TH cell source since naïve cord blood TH cells include high proportions of recent thymic emigrant cells, which may influence the response and are rare in adult PBMC [51]; moreover, their stimulation protocols were different from ours since they triggered CD28 and ICOS by means of either mAb or cells transfected with the costimulatory ligands and expanded cells in long term (15 days) cultures using serum-containing medium.
Both CD28 and ICOS signaling uses PI3 K but their different signaling outcomes may be due to the ability of CD28, but not ICOS, to bind the Grb-2/GADS adaptor proteins and the Itk and Lck kinases, and their differential usage of PI3 K subunits [52] . Moreover, ICOS costimulation has been reported to induce higher levels of NFATc1 than CD28 costimulation [21] which is intriguing at the light of the notion that NFATc1 activity is involved in induction of IL-17A, but not IL-17F [53].
Conclusion
The overall data suggest that costimulation mediated by B7.1 triggers distinct effector functions depending on the cytokine microenvironment, i.e. it induces IL-17F secreting cells in the presence of TGFβ1 + IL-1β, and IL-9 secreting cells in the presence of TGFβ1 + IL-4. By contrast, costimulation mediated by B7h is generally biased toward induction of IL-17A secreting cells and supports cell plasticity by favouring contemporary secretion of IL-10, which substantially modulates TH17 cell function [54] . IL-10 can be produced by several cell types, including TH1 and TH17 cells, where it negatively regulates their function and can be induced by strong TCR stimulation leading to sustained Erk activation [18] . This suggests that IL-10 serves to control the magnitude of many types of immune responses and to prevent tissue damage. This plasticity might be important in the immune response to pathogens and tumors, and in the development of autoimmune diseases, and should be taken in consideration in designing of immunotherapeutic protocols triggering ICOS and/or CD28. 
